Introduction: Significant gaps persist in providing HIV treatment to all who are in need. Restricting care delivery to healthcare facilities will continue to perpetuate this gap in limited resource settings. We assessed a large-scale community-based programme for effectiveness in identifying people living with HIV and linking them to antiretroviral treatment. Methods: A retrospective secular trend study of 14 high burden local government areas of Nigeria was conducted in which two models of community antiretroviral treatment delivery were implemented: Model A (on-site initiation) and Model B (immediate referral) clusters. Model A cluster offered services within communities, from HIV diagnosis to immediate antiretroviral therapy initiation and some follow-up. Model B cluster offered services for HIV diagnosis up to baseline evaluation and provided referral for antiretroviral therapy initiation to nearest health facility providing HIV services. For controls, we selected and cluster-matched 34 local government areas where community antiretroviral treatment delivery was not implemented. Conclusion: Both community-models had similar population-level effectiveness for rapidly identifying people living with HIV but differed in effectively transitioning them to treatment. Comprehensiveness, integration and attention to barriers to care are important in the design of community antiretroviral treatment delivery.
and capacitating community members to deliver HIV-related treatment services directly within communities through mobile clinics, primary care centres, homes and sexual networks (a group of people who are connected to one another by having sexual relationships) [7] . Despite variations in implementation approaches, several studies have examined the effectiveness of commART interventions [7] [8] [9] [10] [11] [12] [13] [14] . Findings from these studies continue to highlight the importance of commART to global goals as well as the need to evolve more context-specific approaches for bringing ART closer to the people. In this vein, recent World Health Organization (WHO) HIV treatment guidelines [15] have contained strong recommendations on implementing locally driven approaches to commART.
Nigeria, together with South Africa, accounts for over 40% of HIV burden in SSA [16, 17] .
However, less than 25% of all estimated people living with HIV in Nigeria were accessing antiretroviral treatment at the end of 2014 [18] . After the beginning of Nigeria's ART programme in 2002, ART scale-up has occurred mainly through decentralization from tertiary facilities to secondary and primary levels of facility-based delivery. Health facilities providing ART services increased from 25 tertiary facilities in 2002 to over 1000 facilities in 2013 consisting of primary, secondary and tertiary facilities [19] . These facilities were mainly public and large private not-for-profit ones. Since 2013, however, the number of private-for-profit health facilities providing HIV services as part of the national programme has significantly increased. Substantial barriers to accessing regular healthcare from health facilities in Nigeria, however, limit the national goal to provide HIV treatment access to at least 80% of those who need it [20] . Progress may continue to be slow without adaptations to this current strategy of ART scale-up.
Given that marked variations exist in HIV prevalence and treatment coverage across Nigerian subnational units [21, 22] , it is imperative that interventions become context-specific at these levels. We report outcomes of two variants of an extensive commART programme implemented in 14 local government areas (LGAs) across four of Nigeria's 36 states. Our primary hypothesis was that this commART programme would increase the level and trend of identification of people living with HIV as well as treatment access and uptake within implementing LGAs.
| METHODS

| Study design and setting
We conducted a secular trend study, using interrupted timeseries analysis, to evaluate the population-level effect of commART on the identification of people living with HIV and uptake of ART services across Nigerian LGAs.
Nigeria is administratively divided into 36 states and each state further divided into LGAs. The states and LGAs may be the equivalent of province and districts in some other countries. HIV care and treatment in these LGAs is freely provided through a mix of public and private healthcare facilities by the Government of Nigeria (GON). The U.S. President's Emergency Plan for AIDS Relief (PEPFAR) has been providing financial and technical support to GON's effort through its various PEPFAR implementing agencies.
In 2015, PEPFAR prioritized 32 highest-burden LGAs across Nigeria for intensive scale-up of HIV services, and the United States Agency for International Development (USAID), a PEP-FAR implementing agency, provided funding to support 14. Beginning in June 2015 the intensive scale-up was jointly implemented by the Government of Nigeria and a consortium led by FHI 360. Nine of the LGAs were urban and five, rural.
The Nigeria HIV treatment guidelines in operation at the time stipulated an ART initiation cutoff of CD4 ≤500cells/ll. The 14 LGAs were supported to commence a pilot programme for "test and start" in July 2016. To exclude this period of incomparability in the standards of service provision between scale-up and other LGAs from our analysis, we selected June 2014 as the start date and May 2016 as the end date. This allowed one year before and one year after the introduction of commART in the 14 LGAs.
For this study, using data from service provision, we treated each of the 14 LGAs as non-randomly assigned into one of two LGA clusters based on the variant of commART implemented. We tagged these two variants: commART Model A (on-site initiation model) and commART Model B (immediate referral model). The allocation to each model was informed by the commART package of services that was approved by the state health authorities for their LGAs. Ten LGAs (five urban, five rural) were assigned to Model A, and four LGAs (all urban) were assigned to Model B. The full details of the commART package for each model are described in the next section. The characteristics of these 14 LGAs are presented in Table 1 . The estimated combined population of the LGAs is 5,602,243 individuals. Using figures obtained from PEPFAR programme projections for Nigeria in 2015, total combined HIV prevalence for these 14 LGAs was 4.7% with an estimated total of 164,391 people living with HIV across the LGAs. Of these, over 97,000 were estimated to be eligible for ART as per 2014 national guidelines (CD4 ≤500), but only 24,420 were on ART by the end of 2014, leaving an unmet need of close to 140,000 people living with HIV.
Ethics approval was obtained from FHI 
| The intervention
In Table 2 , we present the characteristics of each commART model as well as features of routine health facility service delivery. For both commART models, mobile teams were set up by the respective state governments with support from FHI 360. These teams delivered HIV services integrated into general health campaigns, which also included assessments for noncommunicable diseases. Each mobile team was comprised of trained community volunteers (one community mobilizer, five HIV counsellors and testers, four case managers, two adherence counsellors, and two data entry clerks) supervised by formal healthcare professionals (one doctor, one pharmacist, and one laboratory scientist/technician). Based on each LGA's HIV prevalence and population, we estimated the weekly rates of HIV testing and counselling required to identify the projected number of people living with HIV over a 12-month period of implementation. We deployed between three and six teams per LGA based on this estimate, and these teams delivered the package of services approved for that LGA. All mobile teams were linked to designated hub health facilities through which they received health commodities and supplies for community service delivery.
LGA health departments and private entities, such as pharmaceutical companies, also provided health commodities beyond HIV for the integrated general health campaigns.
The main differences between both models regarding HIV service provision related to place and time of ART initiation, time of linkage to the hub health facility, and the number of contacts for care and follow-up within the first month after ART initiation. While Model A offered HIV services within communities, from HIV diagnosis to immediate ART initiation and some follow-up, Model B offered only services for HIV diagnosis up to baseline evaluation and referral for ART initiation to nearest health facility providing HIV services. For Model A, clients were linked to the hub health facility one month after successful ART initiation and follow-up visits within the community, while those in Model B were linked immediately after initial baseline evaluation for ART initiation and continued care at the hub health facility. Thus, for Model A, HIV services from diagnosis, ART initiation, and one-month follow-up occurred simultaneously within facilities and in communities with community-based patients linked to the health facility after that for continued care. In Model B, all ART initiations and follow-up took place at hub health facilities regardless of time and place of HIV diagnosis.
In April and May 2015, community volunteers were recruited through a community consensus process involving the local authorities and community leaders using jointly agreed eligibility criteria based on the scope of work to be performed. Recruited clinicians, nurses, laboratory staff members and pharmacists received orientation on basic HIV care, diagnosis, clinical and laboratory evaluation, adherence preparation, as well as ART initiation and follow-up. We conducted a one-week task-specific training and planning meeting for the community volunteers using training modules adapted from the national guidelines, followed by a week of practical assessment in the field. Only a good performance guaranteed participation in the programme. Planning meetings involved geographical mapping of each LGA per political wards, settlements, and enumeration areas, and development of schedules for implementation. We leveraged information from maps and microplans already developed and in use by LGAs for routine community-level immunization coverage.
| Control LGAs
For this study, we selected LGAs that did not implement commART and allocated them into two groups to serve as control clusters for the two intervention models. The control LGAs were matched to intervention LGAs on (a) geographical locationcontrol LGAs were selected from within the same Nigerian states as the intervention LGAs, (b) baseline level for the two outcomes, and (c) baseline trend for the two outcomes. We defined baseline comparability as having a p-value greater than 0.1 on both baseline level and baseline trend for the two study outcomes. This process generated 32
LGAs as the control for Model A cluster and two LGAs as the control for Model B cluster.
| Data collection
We extracted aggregate data from the Nigeria District Health Information System (DHIS) platform for LGA-based HIV services from all health facilities providing HIV services within all the study LGAs for the period June 2014 to May 2016. DHIS is a national database used to manage data from routine health service provision in health facilities. During service provision at commART locations and static health facilities, data were entered using nationally approved paper-based data collection and reporting tools. These are transcribed, daily, by documentation clerks into national service registers domiciled at the HIV care facilities (and therefore captures LGA wide enrolments from both community and facility). CommART entries in the registers were assigned a code to differentiate community HIV care-enrolments from facility-based enrolments. Every month, the service registers were validated and summarized into national Monthly Summary Forms (MSFs) from where summary information was made into DHIS software as data elements and transmitted electronically into the Government of Nigeria's DHIS platform. Indicators on the identification of people living with HIV were number of pregnant women tested HIV positive and number of individuals who tested HIV positive. Indicators for people living with HIV that were initiated on ART were the number of HIV-positive pregnant women newly initiated on ART for their own health during the reporting period and number of individuals newly initiated on ART during the reporting period.
| Statistical analysis
The main tool for the study was interrupted time-series analysis (ITSA) for single and multiple group comparisons, implemented in STATA v12, using ordinary least squares regression with Newey-West standard errors. Time-series used standardized monthly service data of LGA groups from about one year before to one year after commART introduction (June 2014 to May 2016). Monthly data for each LGA was standardized per 100,000 catchment population using each LGA's estimated population. The standardization was to ensure that inferences from the analyses are based on internally comparable data between all groups of LGAs. We then summed individual LGA figures per the four LGA clusters: Model A (10) and control (32) LGAs; Model B (4) and control (2) LGAs. The single and multiple group analyses models are specified respectively as follows:
Here, Y t is the total number of outcome variable at time t, per 100,000 catchment population. Time (in months) covered for this analysis was from June 2014 to May 2016. Β 0 is the level of the outcome at the start of study period. b 1 is the average monthly change in outcome over the pre-commART level (attributable in this study to routine facility HIV delivery). b 2 is the change in the level of outcome in the period immediately after commART introduction. X t designates commART introduction period. b 3 is the difference in the outcome trend after commART introduction, compared with the monthly trend before. b 4 is the difference in level of outcome between intervention and control LGA groups prior to commART introduction; Z t designates the period before commART introduction. b 5 is the difference in baseline trend of outcome between intervention and control LGA groups prior to commART introduction; b 6 indicates difference in the level of outcome between intervention and control LGAs immediately after commART introduction; b 7 indicates difference in outcome trend between intervention and control LGAs following commART introduction, compared to pre-commART trends. T t is the time since start of the study and t is the random error term. Linear trends following commART introduction for single group comparison is b 1 + b 3 for intervention LGAs. For multiple group comparison, linear trend post commART introduction is b 1 + b 5 + b3 + b 7 for intervention LGAs and b 1 + b 3 for control LGAs; while b 5 + b 7 is the difference in trends between both intervention and control clusters. A Prais-Winsten regression was run after each analysis to check the Durbin-Watson statistic (DW stat) for autocorrelation (DW stat ≤1.5 or ≥2.5). Statistical significance was set at p<0.05. Secondary analyses were done to compare changes in facility-and community-based outcome levels. 
with a nonsignificant decrease in about five persons per month before commART introduction. In the first month of commART introduction, we noted a significant increase in the number of people identified: 744 HIV-positive individuals per 100,000 catchment population (p = 0.00, 95% CI: 360.35 to 1127.77) ( Table 3 ). Compared to the trend before commART introduction, we noted a nonsignificant decrease in 23 HIVpositive individuals identified per 100,000 catchment population per month (see Figure 2A) . The overall trend following commART introduction for identification of HIV-positives was not significantly different from zero.
For persons initiated on ART ( Figure 2B ), 216 HIV-positive individuals per 100,000 catchment population were being commenced on ART at the start of the period, with a nonsignificant pre-commART decrease in five persons per 100,000 catchment population per month. Immediately after commART introduction, there was a significant increase by 560 HIV-positives per 100,000 catchment population commenced on ART (p = 0.00; 95% CI: 260.56 to 859.64). Compared to the trend before commART introduction, we noted a nonsignificant decrease in five ART initiations per 100,000 catchment population per month. The overall trend following commART introduction for both outcomes was not significantly different from zero (Table 3 ).
| Model A and control LGA clusters (multiple group comparison)
By design, Model A and its control LGA clusters were comparable on both study outcomes for baseline level and baseline trend. Following commART introduction, we noted immediate significant differences between Model A and control LGAs in the levels of both outcomes. On average, per 100,000 catchment population, 541 more HIV-positive persons were identified (p = 0.01, 95% CI: 140.60 to 941.54), and 368 more HIV-positive individuals were commenced on ART (p = 0.03, 95% CI: 42.73 to 692.64) in Model A compared to control. We did not note any significant difference between both groups in the trend of both outcomes following commART introduction.
The overall trend during the post-commART introduction period in the control LGAs represented a significant decline in the number of people identified HIV positive (À15.47, p = 0.03, 95% CI: À29.61 to À1.32). This was not significantly 
| Model B cluster (single group comparison)
In Model B LGAs, about 33 HIV-positive persons per 100,000 catchment population were identified at the start of the study period, with a nonsignificant gradual reduction by less than one (0.05) HIV-positive person per month prior to commART introduction. In the first month of commART introduction, we noted a significant increase in number of individuals identified by 30 HIV-positives per 100,000 population (p = 0.01, 95% CI: 8.38 to 51.93). Compared to the trend before commART introduction, we noted a nonsignificant decrease in three HIV-positive individuals identified per 100,000 catchment population per month (p = 0.10; 95% CI: À0.77 to 7.74).
The detailed parameters are shown in Table 4 , and the plots depicted in Figure 3A .
Regarding total number of HIV-positive persons initiated on ART, eight persons per 100,000 catchment population were being commenced on ART before commART introduction, with a significant pre-commART trend increase in one person per 100,000 population per month (p = 0.00; 95% CI: 0.57 to 1.29). There was no significant immediate increase after commART introduction. Compared to the trend before commART introduction, the trend for HIV-positives initiated on ART was not significantly different from zero. The overall trend during the post-commART introduction period represented a significant increase in HIV-positives initiated on ART (3.4, 95%, p = 0.02, 95% CI: 0.44 to 6.38). Figure 3B depicts these findings. The trend for HIV-positives identified in this period was not significantly different from zero (Table 4 ).
| Model B and control LGA clusters (multiple group comparison)
By design, Model B and control LGAs had comparable baseline level and trends for both study outcomes. Following commART introduction, we noted immediate significant differences between both clusters on levels of only one outcome. Per 100,000 population, 26 more HIVpositive persons were identified (p = 0.03, 95% CI: 2.06 to 51.62). The difference on number of HIV-positives LGAs also had a significantly higher monthly trend than the control cluster by four more HIV-positives per 100,000 catchment population per month (p = 0.04, 95% CI: 0.16 to 9.31), and two more ART initiations per 100,000 catchment population per month (p = 0.01, 95% CI: 1.06 to 7.19) following commART introduction.
The linear trends in the post-commART introduction period for HIV-positives identified in either cluster was not significant but were statistically different from each other, with Model B cluster higher by 4.37 HIV-positives (p = 0.04, 95% CI: 0.21 to 8.54). In the post-commART introduction period, there was a positive linear trend in Model B LGAs for number of HIVpositives commenced on ART (3.41, p = 0.02, 95% CI: 0.53 to 6.29), and this was significantly higher (3.81, p = 0.01, 95% CI: 0.85 to 6.77) than the linear trend for its control LGAs during the same period. Figure 3C , D, and Table 4 show these findings.
| DISCUSSION
Our study found increased total uptake for HIV services (HIVpositives identified and ART commencements) because of commART implementation, suggesting that HIV treatment coverage can be substantially increased-even using existing treatment guideline eligibility criteria-if services are taken to communities with community involvement.
The introduction of commART Model A in the LGAs brought about significant increases in the number of people living with HIV identified and commenced on treatment compared to the pre-commART period and control LGAs. Several model characteristics may have contributed to the degree of intervention effects. For example, the multidisease approach employed during campaigns such as blood pressure checks, drug dispensation for malaria, and free over-the-counter drugs, as well as collaborative community participation may have contributed to community acceptability of testing outside of health facilities and reduced the stigma barrier associated with uptake of HIV services. Our experience is consistent with other studies [7, 24] showing that such strategies are effective in overcoming stigma, cultural and other community-level barriers across the HIV treatment cascade.
Our study found increased uptake of antiretroviral treatment among HIV-positives identified in Model A cluster following the introduction of commART. Though facilityenrolment accounted largely for the total cluster HIV-positives identified, we found a higher ART uptake, both in absolute numbers and proportion, among HIV-positives identified Oladele 25108 through community enrolment and immediate initiation. Certain elements of model design may be responsible for this differential community/facility treatment uptake. The first possible explanation may be the time and place of ART initiation. It is possible that the availability of ART for immediate initiation within the community after HIV diagnosis resulted in a higher uptake of antiretroviral treatment compared to conventional facility-based treatment initiation, which routinely takes between two and three hospital visits after initial contact. Indeed, we found that while the facility-based ART transition rate pre-and post-commART introduction increased from 39.85% to 59.55%, the community-based ART transition was 69.12%. Our finding is consistent with findings of a randomized controlled trial [25] by MacPherson and colleagues among 16,600 Malawian adults that showed a significant increase in ART initiation among those offered optional home ART initiation following home testing. The apparent advantage of this model of commART appears to be conferred by its design allowing easy integration of all demand-and-supply processes at the point of care delivery. This comprehensive design feature helps overcome access barriers that may exist, especially financial and geographic. These results strongly suggest that inadequacies exist in the "facility-alone" model of delivery for ART scale-up. This finding also has implications for impending "test and treat" guidelines. While immediate ART initiation, or as soon as possible following HIV diagnosis, will be expected to get antiretroviral treatment to more people who need it, this strategy will need to be combined with innovative approaches and channels that deliver care and treatment beyond the boundaries of healthcare facilities. In Model B cluster where all ART initiations occurred in the health facility, we noted that increased cluster uptake of antiretroviral treatment among HIV-positives following commART introduction was largely accounted for by HIV-positives diagnosed in health facilities. This is shown by an increase in the month-on-month ART initiations among HIV-positives enrolled through health facilities, despite higher increases in HIV-positives diagnosed from the communities. This indicates that while Model B may have been effective at increasing identification of people living with HIV within communities, there was significant attrition between HIV-positives identified and referred from the communities and those that eventually completed referrals at the facility for ART initiation. This effect would be unexpected given that all the Model B LGAs are urban with better physical access to hub health facilities. On the other hand, it could indicate that, despite HIV services being provided free, the added financial cost of self-transportation to the hospital may constitute some barrier to ART commencement. More important, this would represent an inherent weakness in the design of this model that programme managers should be aware of ab initio. Elements of programme design to mitigate this potential leakage include escorted referrals and making transportation available from community testing points to hub health facilities. Holmes and colleagues also described other approaches to improve community-facility linkages for improved HIV cascade progression [26] . If well implemented, studies [7] have shown that such facilitated linkages to treatment have equal or higher ART initiation rates compared to facility-based ART initiation. The observation of commART accentuation of month-onmonth increase in ART initiation in Model B deserves further comments. While, as discussed previously, this effect was not directly due to commART, the intervention may have indirectly mediated this outcome nevertheless. Providing, on a massive scale, community-level information, education, and communication, as well as stigma-reduction messages, may have resulted in many undiagnosed people living with HIV who choose to independently seek out HIV testing services at health facilities, who may then subsequently experience delays between HIV diagnosis and ART commencement. This delay mechanism may have given rise to the observed pattern of significant trend increase in ART initiation despite the lack of trend increases in HIV-positives identified. This delay is not surprising given well-documented time delays in time to ART initiation following HIV diagnosis and care enrolment in sub-Saharan Africa [27] . This further highlights the apparent weakness in this model and makes a case for ensuring stronger facilitated linkages when deploying such single HIV testing interventions. More important, this may also indicate that facility-based delivery still has higher absorptive capacities waiting to be utilized. Studies have shown that strategies to remove facility-level barriers (such as reduction in long waiting times) in antiretroviral treatment programmes often result in increased uptake of treatment [28] . While scaling up ART access through community approaches is important, the opportunities for improving facility ART uptake should not be overlooked.
The relative consistency of both community models in increasing access and uptake of HIV testing and ART services provides some assurance that large-scale community interventions do hold some promise in contributing to meeting the global access target of eliminating HIV by 2030. The design of integrating HIV services into the general campaigns may have contributed to this success as it bypasses the stigma associated with pure HIV services. We opine that this should be a key feature of all community-based HIV services, especially where stigma may be an issue. On the other hand, the future impact that such an entry route into HIV care may have on retention in care and losses to follow-up, upon which arguments [27] against community involvement are based, indicates that a lot more needs to be known about how communities can optimally improve HIV service delivery. What is known for now is that some inadequacy exists in the facility-alone model of care to achieve epidemic control by universal ART access. This study has limitations. For cascade progression, our model did not consider the number of ART commencements as a proportion of HIV-infected individuals that were eligible for ART using the national guidelines. We instead treated ART commencements as a proportion of all positive persons identified regardless of ART eligibility in the national guidelines. This has the effect of giving an impression of a low level of ART commencements. We, however, adopted this approach as it represents the ideal proposed in the 90-90-90 targets and imminent test-and-treat guidelines. Also, we treated all clusters uniformly in our analysis. Second, we did not randomly allocate the intervention LGA groups to models. This may have introduced some risk of bias. We attempted to minimize this risk by cluster-matching with control LGAs with baseline similarity from within the same states and using interrupted timeseries analysis (ITSA). Third, we used routine service delivery data. Even though we standardized data achievements using prevalence and population estimates, we can only rely on available data as is. Fourth, we used aggregated data for the interrupted time-series analysis with LGA clusters as the unit of analysis, and therefore we did not explore heterogeneity among individual LGAs. We also assumed that there were no concurrent interventions with commART that could have influenced the outcomes we evaluated. Finally, our study did not examine costs nor did we compare the efficiency or yield of HIV testing in the facility and community.
| CONCLUSIONS
Our study has shown community ART models are important in optimizing the population-level effectiveness of HIV treatment scale-up. On-site provision of the full range of HIV services integrated within general health campaigns in communities had a stronger effect in increasing identification of people living with HIV and their linkage to ART. Facilitybased ART delivery, while important, is insufficient to provide the service coverage necessary to achieve epidemic control. This is due to the myriad of barriers to regular healthcare access. An optimal combination of community and facilitybased approaches adapted to local epidemic conditions is, therefore, necessary to achieve the identification and linkage to HIV prevention, care, and treatment in Nigeria and possibly sub-Saharan Africa.
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